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Abstract— We describe methods for implantation and recording in conscious animals over a period of months. Early signs suggest increasing bladder pressure may be correlated to neural signals in anaesthetized animals, but discrimination in conscious freely moving animals is challenging. 
I.	Introduction
The sacral anterior root stimulator, developed by Brindley and colleagues, has been used for restoring bladder function after spinal cord injury for 40 years [1]. This neuroprosthesis has stimulating electrodes implanted on the nerve roots with cables running to subcutaneous passive receivers. Normally, the implantation is accompanied by a sensory root rhizotomy which stops unwanted bladder reflexes that cause incontinence (over activity) and/or poor voiding. This rhizotomy is a deterrent to wider use of this device which is otherwise reliable and beneficial to quality of life.
A possible way to prevent unwanted detrusor contractions is neuromodulation: stimulation or blocking of the sacral posterior roots. Craggs proposed that this should be conditional, a reaction to rises in bladder pressure. We have been investigating the feasibility of using neural signals, recorded at the extradural sacral roots, using sheep as a model.
II.	Methods
Previous work [3] has shown that such neural signals are small – amplitude changes less than a microvolt – and so we hope to benefit from using a method we called Velocity Selective Recording to improve the signal/noise and signal/interference. The project has involved design, fabrication and improvement of electrode cuffs suitable for a large mammal anatomy; development of a surgical tool to enable the cuff to be passed round the nerve and held closed while the glue cures; development of the amplifiers, AD convertors and signal display. In order to understand the set-up, we decided to bring the electrode connections out of the animals so that we could measure the impedances or record potentials. Consequently, we made percutaneous head connectors that were fixed to the skull with implanted cables routed to the cuff.
Three series of surgeries were performed: cuff implantations at terminal experiments (acute, n=8); implantations of book electrodes to measure responses at all sacral roots simultaneously (books, n=6); and chronic cuff implantations with conscious recording sessions for times up to 7 months (chronic, n=5). Histology has been done on all acute animals and 2 chronic animals. Preliminary data analysis has now begun.
III.	Provisional Results
In all animals it was possible to implant 15mm long cuffs with 10 electrodes to the chosen S2 or S3 extradural root, either left or right. The emergence of the cables in a cranial and caudal direction, cuff design, surgical procedure and implantation tool aided manipulation within the deep laminectomy and minimised pulling on the nerve.
We saw no long-lasting neural dysfunction in chronically implanted animals, however, we saw marked axon loss in the implanted nerve of the 2 examined sheep (up to 80% large axon loss compared to contralateral root at 6-7 months). 
When the recordings were analyzed by plotting the signal variance, some animals showed a monotonic relationship with bladder pressure during cystometry but often the relationship was more complicated which would imply more signal processing would be necessary (e.g. more than a threshold detector) [5].
Cross sectional areas of the nerve in the cuff were ~5mm2 and axial impedance through the cuff ~1kΩ only so the neural signals are bound to be very small.
The head connectors allowed impedance measures and neural recordings during conscious freely moving cystometries. However, they were vulnerable to damage from movement of the head during handling, resulting in electrical breakage. 
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